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Abstract: The present study examined the gills and liver histopathology of the freshwater fish chub caught from three different sites
(Site A: Aşkale, Site D: Dumlu, and Site S: Serçeme) in the Karasu River. At Site A, the concentrations of some metals such as cadmium,
aluminum, arsenic, lead, and manganese exceeded acceptable levels according to the Turkish Standards Institute. Moreover, the
concentrations of metals in the liver and gills of the collected fish were determined. The presence of histological alterations was assessed
by the degree of tissue change. The quantitative histological assessment indicated that the histological lesions were comparatively most
severe in the liver. The results revealed that anthropogenic pollution of aquatic ecosystems affected the fish in their natural habitat.
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1. Introduction
The pollution of aquatic ecosystems is a cosmopolitan
problem that needs urgent attention and prevention.
Since the aquatic environment is the ultimate recipient of
pollutants, increased industrial, domestic, and agricultural
activities have resulted in an increasing number of
freshwater systems being impacted by the pollutants
present in wastewater release. Agricultural, industrial, and
domestic effluents generally contain heavy metals such as
Cr and are, invariably, discharged into rivers and streams,
without proper treatment. Due to their toxicity, long
persistence, and bioaccumulative and nonbiodegradable
properties in the natural environment, metals constitute a
core group of aquatic pollutants (Authman, 2011). Heavy
metals such as Cu, Pb, Zn, Cd, Mn, and Fe are predominant
in water and sediment (Rajeshkumar and Munuswamy,
2011). In aquatic ecosystems, these metals are present
throughout and are detectable in critical amounts. As a
result, the widespread discharge of these pollution agents
causes a serious threat to aquatic life.
In aquatic ecosystems, fish are regarded as a valuable
indicator of environmental pollution since they are at the
top of the aquatic food chain and are known to accumulate
toxicants (Authman et al., 2012). Histopathological
investigation of fish tissue allows for early warning signs
of disease and contributes to understanding of the nature
of stress responses. The gills of freshwater fish are the
first target organ of several xenobiotics because of their
* Correspondence: hatidane@hotmail.com

direct contact with the water (Perry and Laurent, 1993).
Similarly, the liver is generally regarded as the central
organ of xenobiotic metabolism in fish and alterations in
liver structure may be useful as biomarkers that indicate
prior exposure to environmental stressors (Van Dyk et al.,
2012).
Knowledge of the histopathological effects of
pollutants is important for delineating fish health status
and for understanding future ecological impact. The main
aim of the present study was to investigate the degree of
histopathological alterations in the gills and liver of chub,
which is abundant and widely distributed in the Karasu
River, in response to exposure to water pollution.
2. Materials and methods
2.1. Study area
The Karasu River is located in the Eastern Anatolia region
of Turkey (Erzurum) and various pollutants reach the river
at different points and potentially change the water quality.
The sampling sites (Site A: Aşkale, Site D: Dumlu, and
Site S: Serçeme) were chosen for their suspected levels of
pollutants and the presence of relatively large populations
of fish. The sites were located in three regions of the Karasu
River (Figure 1). Site A, near Aşkale district, shows strong
anthropogenic influence, receiving domestic, agricultural,
and industrial effluents. Site D, on the Dumlu Stream, is
relatively free from contaminants. Site S, on the Serçeme
Stream, is away from the urban area, as a reference site.
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Figure 1. Map of Erzurum city and the basin of the Karasu River showing the three sampling sites.

The animal ethics committee permission for the study
was received from Atatürk University Local Animal Ethics
Committee (Number: B.30.2.ATA.0.23.85-99) and the rules
of the committee were followed during the investigations.
From May to June 2012, 72 specimens of chub were
collected from the three sites. The fish were carried to the
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laboratory live in tanks filled with water obtained from the
sites where they were caught. Measurements were made
for standard length (SL) and total weight (TW).
2.2. Analytical procedures
Surface water samples were obtained from a depth of 0.5 m
below the surface and transported to the laboratory at 4 °C
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in clean plastic bottles and analyzed according to standard
procedures (APHA, 1998) using a PerkinElmer model 306
atomic absorption spectrophotometer.
Liver and gill samples were removed, rinsed with
distilled water, and stored at –18 °C prior to analysis.
A temperature-controlled microwave heating device
was used for digestion of the dried fish tissues. Sample
preparation was carried out according to the procedure
described by Uluozlu et al. (2007). Approximately 0.5-g
homogenized samples were taken and 3 mL of ultrapure
HNO3 and 1 mL of hydrogen peroxide (H2O2) were added
to them for digestion. A Milestone Ethos D microwave
closed system (maximum pressure 1450 psi, maximum
temperature 300 °C) was used for digestion. After
digestion, the samples were cooled to room temperature
and diluted to 25 mL with 6% (v/v) HNO3. Al, Cr, Mn,
Cu, As, Cd, and Pb in freshwater fish were analyzed using
an ICP-MS (PerkinElmer Élan 9000 USA). For better
operating conditions the ICP-MS was adjusted to nebulizer
gas flow 0.91 L/min, radio frequency 1200 W, lens voltage
1.6 V, cool gas 13.0 L/min, and auxiliary gas 0.70 L/min
(Noël et al., 2005). All data were tested using normality
and equal variance tests. Parametric and nonparametric
tests were performed to determine whether there were any
significant differences in metal concentrations between
the sampling sites. Statistical significance was set to a level
of 5% (P < 0.05). All data were expressed in micrograms
per gram dry weight.
2.3. Histopathological procedures
Gill and liver samples were processed using a standard
histological technique and stained with hematoxylin
and eosin. From each fish 10 sections of each tissue were
examined by light microscope and 20 fields per section
of each tissue were observed. The presence of histological
alterations for each organ was assessed semiquantitatively
by the degree of tissue change (DTC), which is based
on the severity of the lesions. For DTC calculation, the

alterations in each organ were classified in progressive
stages of damage to the tissue: stage I alterations, which
do not alter the normal functioning of the tissue; stage II,
which are more severe and impair the normal functioning
of the tissue; and stage III, which are very severe and cause
irreparable damage. A value of DTC was calculated for
each fish by the formula: DTC = (1 × SI) + (10 × SII) +
(100 × SIII) where I, II, and III correspond to the number
of alterations of stages I, II, and III, respectively, and
S represents the sum of alterations in a given stage. The
DTC value obtained for each fish was used to calculate the
average index for each sampling site. DTC values between
0 and 10 indicate normal functioning of the organ, values
between 11 and 20 indicate slight alterations to the organ,
values between 21 and 50 indicate moderate changes
in the organ, values between 51 and 100 indicate severe
lesions, and values above 100 indicate irreversible damage
to the organ (Poleksic and Mitrovic-Tutundzic, 1994).
For quantitative measurements, 5 individuals per site
and 5 slides from the gill and liver of each were randomly
selected for histometric analysis and a total of 5 fields per
slide were examined. All measurements were performed
with a digital camera (Leica ICC50 HD camera) attached
to a microscope (Leica DM750) and processed with an
image analyzer program (Leica LAS EZ 3.0). All values
were represented as means ± SEM. Statistical analysis
was carried out using SPSS 16.0. Mean values of DTC
and all measurements obtained for each sampling site
were compared with each other, using one-way ANOVA
and multiple comparison tests (least significant difference
LSD), with a level of significance of P < 0.05.
3. Results
The mean concentrations of the heavy metals in water
samples at the selected sites together with Turkish Standards
Institute (TSE, 2005) TS 266 limits are presented in Table
1. In water samples, according to the analysis results, the

Table 1. Mean metal concentrations of surface water samples from three sampling sites as compared to TSEa
permissible limits (TS 266).
Metals

TS 266

Site S

Site D

Site A

Cd (µg/L)

5.0

<0.05

6.6

7.10b

Al (µg/L)

200

69.2

192.1

287.80b

As (µg/L)

10

2.2

10.4

12.50b

Pb (µg/L)

10

3.05

6.25

11.30b

Cu (mg/L)

2

<0.1

0.13

0.15

Mn (µg/L)

50

23.4

29.2

85.35b

Cr (µg/L)

50

16.3

26.7

45.80

TSE 2005. TS 266-Water Intended for Human Consumption
Values are higher than the recommended TSE (2005) drinking water quality guidelines

a

b
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following findings were obtained for the concentration
ranges of metals: Cd 0.05–7.1 µg/L, Al 69.2–287.8 µg/L,
As 2.2–12.5 µg/L, Pb 3.05–11.3 µg/L, and Mn 23.4–85.35
µg/L. The highest values of Cd, Al, As, Pb, and Mn were
reported at Site A, while the heavy metals recorded in the
water of Site S and D were low compared to TS 266 limits.
The biometrical analysis of the fish was weight: 48.80 ±
12.41 g; length: 16.80 ± 4.14 cm for Site S, 44.20 ± 5.35
g; 18.40 ± 1.14 cm for Site D, and 102.00 ± 4.95 g; 25.80
± 3.42 cm for Site A. The length and weight of fish from
different sites did not show significant differences.
Metal concentrations in the liver and gills of the fish are
presented in Table 2, which include mean concentrations
associated with standard deviation results from other
studies and guidelines, and background levels. Statistically,
significance analysis was performed between Site D and
Site A. The Kruskal–Wallis test (a nonparametric test)
revealed significant differences between sites with regard
to element levels in the liver for Mn, Cu, Cd, and Pb (P
< 0.05) and gills for Al, Cr, Mn, Cu, As, Cd, and Pb (P <
0.05). Site A fish had significantly higher levels of all tested
elements in the gills than Site D fish.
The normal gills of fish from Site S are shown in Figure
2. The occurrence of lesions in Site S individuals was very
low. Conversely, fish collected at Sites D and especially A
showed various histological alterations in their gills (Table
3; Figures 3 and 4). The most relevant branchial changes

Figure 2. Photomicrograph of normal gills of the fish from Site
S. Normal aspect of the gill, showing secondary lamella (1),
primary lamella (2), filament (F).

were hypertrophy and hyperplasia of the gill epithelium
(Figures 3A and 3B), vasodilatation (Figure 3B), lamellar
epithelial lifting and cartilage tissue (Figure 3C), lamellae
shortening (Figure 3D), lamellar disorganization (Figure
4A), blood congestion (Figure 4B), lamellar fusion (Figure
4C), and lamellar aneurysm (Figure 4D). In the present
study, very severe stage III lesions were not observed. For
all sites fish gills’ DTC values ranged from 4.44 to 43.44,

Table 2. Concentration of metals (in microgram per gram) in tissues of chub from the Karasu
River (n = 24).
Metals (µg/g)

Tissues

Site D

Al

Liver

Cr
Mn
Cu
As
Cd
Pb

Site A
A, a

6.73 ± 0.07

6.26 ± 0.063B, a

Gill

0.03 ± 0.01

C, b

14.83 ± 0.47A, a

Liver

0.06 ± 0.01A, a

0.05 ± 0.01A, a

Gill

0.02 ± 0.00

0.07 ± 0.01A, a

Liver

0.25 ± 0.01B, b

0.4 ± 0.01B, a

Gill

1.32 ± 0.02A, b

11.33 ± 0.14A, a

Liver

1.3 ± 0.03

2.76 ± 0.08A, c

Gill

0.11 ± 0.01B, b

0.52 ± 0.03B, a

Liver

A, a

0.03 ± 0.01

0.03 ± 0.01B, a

Gill

0.01 ± 0.00A, b

0.23 ± 0.04A, a

Liver

0

0.002 ± 0.00A

Gill

0

0.003 ± 0.00A

Liver

0

0.001 ± 0.00C

Gill

0

0.5 ± 0.02A

B, b

A, b

Al: aluminum; Cr: chromium; Mn: manganese; Cu: copper; As: arsenic; Cd: cadmium; Pb: lead.
Vertically letters “A, B, and C” show differences among tissues for the same site fish (P < 0.05).
Horizontally, letters “a and b” show differences among sites for the same tissues (P < 0.05).
0; not detected in tissues.
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Table 3. Gill tissue pathologies of the fish from the three sites indicating the respective stage of damage
to the tissue and frequency of occurrence (n = 24).
Gill pathologies

Stage

Site S

Site D

Site A

Lamella shortening

I

0+

+

++

Hyperplasia of the gill epithelium

I

0

+

++

Lamellar epithelial lifting

I

0

+

++

Hypertrophy of the gill epithelium

I

0+

+

++

Vasodilatation

I

+

+

++

Blood congestion

I

0

0+

+

Lamellar disorganization

I

0

+

++

Lamellar fusion

II

0

+

++

Lamellar aneurysm

II

0

0+

+

0; absent, 0+; rare, +; low frequency, ++; frequent, +++; very frequent

Figure 3. Photomicrograph of pathologically abnormal gills of the fish from Site A. A Hypertrophy of the lamellar epithelium (arrows);
B High severity of filamentary epithelium, hyperplasia that induced complete lamellar fusion (arrows), and vasodilatation of the central
venous (*); C Lifting of lamellar epithelium (arrows) and cartilage tissue (arrow heads); D Lamellae shortening (arrows).
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Figure 4. Photomicrograph of pathologically abnormal gills of the fish from Site A. A Lamellar disorganization (arrows), B Blood
congestion in secondary lamellae and the lamellar vascular axis (asterisks), C Partial fusion of some lamellae (arrows), D Aneurysm in
lamellar vascular axis (arrows).

with a mean value 23.94, indicating moderate changes in
the organ (Table 4). In the gills of fish obtained from Site
D, slight damage was seen. Site A showed a DTC value
significantly higher than those of the two sites (Table 4).
Normal hepatic parenchyma of fish is shown in Figure
5, exhibiting well-defined hepatocytes, polyhedral in shape.

The main alterations found in the liver were proliferation
of the hepatopancreas (Figure 6A), nonhomogeneous
parenchyma (Figure 6B), increasing melanomacrophage
aggregates (Figure 6C), sinusoidal dilatation (Figure
6D), hepatocyte hypertrophy (Figure 6D), congestion of
central vein (Figure 7A), blood congestion (Figure 7B),

Table 4. Degree of tissue change (DTC) for the gills and liver of the fish (n = 24).
Sampling sites

Gill

Site S

4.44 ± 2.52

Liver
5.35 ± 3.10

Site D

*

18.56 ± 3.57

47.50 ± 10.80*

Site A

43.44 ± 3.85*

85.80 ± 20.07*

Results are mean ± SE. * indicates significant differences in relation to the reference site
(Site S) (P < 0.05)
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Figure 5. Photomicrograph of normal liver of the fish from Site S.
Central vein (*), hepatocyte (arrow head), and sinusoid (arrow).

Figure 6. Photomicrograph of abnormal liver of the fish from Site A. A Proliferation of the hepatopancreas (arrow); B Nonhomogeneous
parenchyma tissue (colored dark and light hepatocytes); C Increasing melanomacrophage aggregates (arrows); D Sinusoidal dilatation
(arrow head), hepatocyte hypertrophy (arrows), and necrosis (circle).

7

DANE and ŞİŞMAN / Turk J Zool

Figure 7. Photomicrograph of abnormal liver of the fish from Site A. A Congestion of central vein (*), B Blood
congestion in hepatic parenchyma (asterisks), C Epithelial degeneration of central vein (arrows), D Hepatic tissue
showing necrosis areas (asterisks) and hepatocytes with pyknotic nucleus (arrows), E Hepatic granuloma (black
arrow) consisting of melanomacrophage aggregates (white arrows) with lightly pigmented cytoplasm.

degeneration of central vein (Figure 7C), necrosis (Figures
6D and 7D), pyknotic nucleus (Figure 7D), and hepatic
granuloma (Figure 7E). The majority of the alterations
found in the liver of the caught fish were stages I and II,
i.e. the tissue was slightly to moderately damaged (Table
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5). The mean DTC for the liver was 45.58 (values ranged
from 5.35 to 85.80), indicating that in most cases the
hepatic lesions caused moderate to severe damage to the
tissue (Table 4). Moderate damage was observed in the
fish collected from Site D. Severe damage was observed
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Table 5. Liver tissue pathologies of the fish from the three sites indicating the respective stage of damage
to the tissue and frequency of occurrence (n = 24).
Liver pathologies

Stage

Site S

Site D

Site A

Proliferation of the hepatopancreas

I

0+

+

++

Nonhomogeneous parenchyma

I

+

+

++

Melanomacrophage aggregates

I

+

++

+++

Sinusoidal dilatation

I

+

+

++

Hepatocyte hypertrophy

I

+

++

++

Congestion of central vein

II

0

0+

++

Blood congestion

II

+

+

++

Degeneration of central vein

II

0

+

++

Pyknotic nucleus

II

0

+

++

Necrotic foci

III

0

0+

+

Granuloma

III

0

++

+++

0; absent, 0+; rare, +; low frequency, ++; frequent, +++; very frequent

especially in the fish collected from Site A. Morphometry
of hepatic tissues showed that the mean areas of the
melanomacrophages were significantly larger in fish from
Site A than in fish from Site D and Site S (liver MMC was
305.85 ± 18.70 µm2 at Site S; 328.90 ± 16.85 µm2 at Site D;
450.71 ± 20.50 µm2 at Site A).
4. Discussion
Histopathological changes in the gills and liver observed
microscopically showed increasing degrees of damage in
the tissues in correlation with the contamination levels of
the river. Industrial and domestic effluents may contain
bulk quantities of toxic heavy metals such as Pb, Ni, Cr,
Cu, Cd, and Zn (Aonhgusa and Gray, 2002; Manzoor et
al., 2006). In our study, analysis of water samples revealed
elevated levels of Cd, Al, As, Pb, and Mn in the downstream
part of the Karasu River and the concentrations of the
metals at Site A were higher than recommended by the TS
266 regulation. Target organs, such as the liver and gills,
are metabolically active tissues that accumulate metals at
higher levels, as previously reported in studies (Barson
et al., 2014). Accumulation of heavy metals in fish can be
probably attributed to a response to the presence of these
pollutants in the environment. The station contaminated
heavily caused the fish to accumulate heavy metals in
greater levels. There was metal accumulation in the gills
compared to the liver. In Table 2, the accumulated metals
in the gills were Al, Cr, Mn, Cu, and As. The study indicates
that fish can accumulate heavy metals efficiently in areas
where direct inputs occur.
In the present study, the histopathological examination
revealed that water pollution caused significant damages
in the gills of chub. Vascular disorders consisted mainly

of vasodilatation of the lamellar vascular axis and
aneurysms. Aneurysms observed in the branchial tissue
in fish indicate the breakdown of vascular integrity
with a release of large quantities of blood that push the
lamellar epithelium outward (Alazemi et al., 1996). Recent
studies on toxicants in fish have clearly demonstrated that
increased concentrations of several heavy metals seriously
damage the gills of fish. Aneurysms and lamellar fusion
have been shown to be associated with exposure to As
and Pb has been also correlated with alterations such as
hypertrophy, hyperplasia, and lifting of lamellar epithelia
(Oliva et al., 2013). A previous study demonstrated that
fish are living under stressful conditions in the Karasu
River (Dane and Şişman, 2015). Lamella shortening
resulting from environmental stress was recorded by
Flores-Lopes and Thomaz (2011). Several authors have
reported various pathologies in relation to heavy metal
pollution in the gills of different fish species (Pereira et al.,
2013; Sonne et al., 2014). Lamellar epithelium hypertrophy
and hyperplasia increase the water–blood diffusion
distance and, consequently, decrease the absorption of
toxic agents. However, all of these changes may affect
the gas exchange and reduce the O2 uptake (Fernandes
et al., 2007). Structural damages such as lamellar fusion
and epithelial lifting represent stereotyped physiological
reactions of gills to stress and many of them have a defense
function (Mallat, 1985).
In aquatic ecosystems, there are various stressors
that can be responsible for causing irritating reactions
in fish. It seems possible to attribute the occurrence
of a liver pathology to other pollutants since aquatic
ecosystems receive diverse kinds of pollutants. There
was no water treatment facility at Site A to reduce the
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metal concentrations to allowable limits. Thus, the results
of the present study suggest a relationship between
metal pollution and liver pathologies. Hepatic necrosis
was correlated with arsenic, cadmium, and copper
concentrations in water by Oliva et al. (2013). Kaur and
Dua (2014) found observations similar to the present
study like pyknotic nucleus, sinusoidal dilatation, and
melanomacrophage centers in Channa punctatus exposed
to wastewater. Melanomacrophage centers can occur
in toxic conditions and point to increased heavy metal
concentrations (Poleksic et al., 2010). Hypertrophy may
be an adaptation of fish to meet the metabolic needs
compromised by the nuclear degeneration caused by some
xenobiotic chemical. Cellular and pancreatic degeneration
and congestion in the liver of Poecilia vivipara caught in
the Cachoeira River were noted by Paulo et al. (2012).
Congestion indicates an increase in the blood flow in
the hepatic tissue acting as an auxiliary mechanism of
detoxification. Thus, congestion can be considered an
indicator of stress in fish due to the presence of xenobiotic
chemicals (Rezende et al., 2014). Marchand et al. (2009)
observed histopathological alterations in the liver of Clarias

gariepinus from polluted aquatic systems in South Africa
and found an increase in melanomacrophage centers,
hepatocyte nuclear alterations, and necrosis of liver tissue.
Necrosis is strongly associated with oxidative stress (Li et
al., 2000). Similarly, several authors have reported various
pathologies in relation to heavy metal pollution in the
liver of fish species in different rivers (Maceda-Veiga et al.,
2013; Stentiford et al., 2014). Findings of our investigation
reveal that toxic effects of heavy metals cause noticeable
damage in the fish liver.
In summary, the present study demonstrated the
effect of water pollution in the vital organs of chub
via histopathological alterations. The most severe
alterations were found to be related to the most impacted
environment, indicating the presence of stressors in the
water. In the results of this study, Site A was considered
the most impaired, because of the high DTC values found
there for the gills and livers examined. From the present
study it may be inferred that metals in the environment are
polluting water bodies and their deleterious effects harm
the native fish.

References
Alazemi BM, Lewis JW, Andrews EB (1996). Gill damage in the
freshwater fish Gnathonemus petersii (Family: Mormyridae)
exposed to selected pollutants: an ultrastructural study.
Environ Technol 17: 225-238.

Fernandes C, Fontaínhas-Fernandes A, Monteiro SM, Salgado MA
(2007). Histopathological gill changes in wild leaping grey
mullet (Liza saliens) from the Esmoriz- Paramos Coastal
Lagoon, Portugal. Environ Toxicol 22: 443-448.

Aonghusa CN, Gray NF (2002). Laundry detergents as a source
of heavy metals in Irish domestic wastewater. J Environ Sci
Health A Tox Hazard Subst Environ Eng 37: 1-6.

Flores-Lopes F, Thomaz AT (2011). Histopathologic alterations
observed in fish gills as a tool in environmental monitoring.
Braz J Biol 71: 179-188.

APHA (American Public Health Association) (1998). Metals. In:
Clesceri LS, Greenberg AE, Eaton AD, editors. Standard
Methods for the Examination of Water and Wastewater. 20th
edition. Washington DC.

Kaur R, Dua A (2014). Adverse effects on histology of liver and
kidney in fish Channa punctatus exposed to wastewater from
Tung Dhab drain in Amritsar, India. J Environ Biol 35: 265272.

Authman MMN (2011). Environmental and experimental studies
of aluminium toxicity on the liver of Oreochromis niloticus
(Linnaeus, 1758) fish. Life Sci J 8: 764-776.

Li Q, Yeo MH, Tan BK (2000). Lipid peroxidation in small and large
phospholipid unilamellar vesicles induced by watersoluble free
radical sources. Biochem Biophys Res Commun 273: 72-76.

Authman MMN, Abbas WT, Gaafar AY (2012). Metals concentrations
in Nile tilapia Oreochromis niloticus (Linnaeus, 1758) from
illegal fish farm in Al-Minufiya Province, Egypt, and their
effects on some tissues structures. Ecotoxicol Environ Saf 84:
163-172.

Maceda-Veiga A, Monroy M, Navarro E, Viscor G, De Sostoa A
(2013). Metal concentrations and pathological responses of
wild native fish exposed to sewage discharge in a Mediterranean
river. Sci Total Environ 449: 9-19.

Barson M, Mabika N, Cooper RG, Nhiwatiwa T (2014).
Histopathology and helminth parasites of African catfish
Clarias gariepinus (Burchell, 1822) in relation to heavy metal
pollution in a subtropical river system. J Appl Ichthyol 30: 923929.
Dane H, Şişman T (2015). Histopathological changes in gill and
liver of Capoeta capoeta living in the Karasu River, Erzurum.
Environ Toxicol 30: 904-917.

10

Mallat J (1985). Fish gill structural changes induced by toxicants and
other irritants: a statistical review. Canadian J Fish Aquat Sci
42: 630-648.
Manzoor S, Shah MH, Shaheen N, Khalique A, Jaffar M (2006).
Multivariate analysis of trace metals in textile effluents in
relation to soil and groundwater. J Hazard Mater 137: 31-37.
Marchand MJ, Van Dyk JC, Pieterse GM, Barnhoorn IEJ, Bornman
MS (2009). Histopathological alterations in the liver of the
sharptooth catfish Clarias gariepinus from polluted aquatic
systems in South Africa. Environ Toxicol 24: 133-147.

DANE and ŞİŞMAN / Turk J Zool
Noël L, Dufailly V, Lemahieu N, Vastel C, Guérin T (2005).
Simultaneous analysis of cadmium, lead, mercury, and arsenic
content in foodstuffs of animal origin by inductively coupled
plasma/mass spectrometry after closed vessel microwave
digestion: method validation. J AOAC Inter 88: 1811-1821.
Oliva M, Vicente-Martorell JJ, Galindo-Riaño MD, Perales JA
(2013). Histopathological alterations in Senegal sole, Solea
senegalensis, from a polluted Huelva estuary (SW, Spain).
Perales Fish Physiol Biochem 39: 523-545.
Paulo DV, Fontes FM, Flores-Lopes F (2012). Histopathological
alterations observed in the liver of Poecilia vivipara
(Cyprinodontiformes: Poeciliidae) as a tool for the
environmental quality assessment of the Cachoeira River, BA.
Braz J Biol 72: 131-140.
Pereira S, Pinto AL, Cortes R, Fontaínhas-Fernandes A, Coimbra
AM, Monteiro SM (2013). Gill histopathological and oxidative
stress evaluation in native fish captured in Portuguese
northwestern rivers. Ecotoxicol Environ Saf 90: 157-166.
Perry SF, Laurent P (1993). Environmental effects on fish gill
structure and function. In: Rankim JC, Jensen FB, editors. Fish
Ecophysiology London, UK: Chapman and Hall, pp. 231-264.
Poleksic V, Lenhardt M, Jaric I, Djordjevic D, Gacic Z, Cvijanovic
G, Raskovic B (2010). Liver, gills, and skin histopathology and
heavy metal content of the Danube sterlet (Acipenser ruthenus
Linnaeus, 1758). Environ Toxicol Chem 29: 515-521.
Poleksic V, Mitrovic-Tutundzic V (1994). Fish gills as a monitor of
sublethal and chronic effects of pollution. In: Muller R, Lloyd
R, editors. Sublethal and Chronic Effects of Pollutants on
Freshwater Fish. Oxford, UK: Fishing News Books, pp. 339352.

Rajeshkumar S, Munuswamy N (2011). Impact of metals on
histopathology and expression of HSP 70 in different tissues
of milk fish (Chanos chanos) of Kaattuppalli Island, South East
Coast, India. Chemosphere 83: 415-421.
Rezende KF, Santos RM, Borges JC, Salvo LM, da Silva JR (2014).
Histopathological and genotoxic effects of pollution on Nile
Tilapia (Oreochromis niloticus, Linnaeus, 1758) in the Billings
Reservoir (Brazil). Toxicol Mech Methods 24: 404-411.
Sonne C, Bach L, Søndergaard J, Rigét FF, Dietz R, Mosbech A,
Leifsson PS, Gustavson K (2014). Evaluation of the use of
common sculpin (Myoxocephalus scorpius) organ histology as
bioindicator for element exposure in the fjord of the mining
area Maarmorilik, West Greenland. Environ Res 133: 304-311.
Stentiford GD, Massoud MS, Al-Mudhhi S, Al-Sarawi MA, AlEnezi M, Lyons BP (2014). Histopathological survey of
potential biomarkers for the assessment of contaminant related
biological effects in species of fish and shellfish collected from
Kuwait Bay, Arabian Gulf. Mar Environ Res 98: 60-67.
Turkish Standards Institute (2005). Water Intended for Human
Consumption. Standard No.: TS 266, 2005.
Uluozlu OD, Tuzen M, Mendil D, Soylak M (2007). Trace metal
content in nine species of fish fromthe Black and Aegean Seas,
Turkey. Food Chemistry 104: 835-840.
Van Dyk JC, Cochrane MJ, Wagenaar GM (2012). Liver
histopathology of the sharptooth catfish Clarias gariepinus as
a biomarker of aquatic pollution. Chemosphere 87: 301-311.

11

